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GO WESTINGHOUSE
YOUNG MANI VVhere a world -full. of projects abound
There was once a college senior named Al Addin who
yearned for his place in the sun.
However, at graduation time so many companies offered
him a job, Al didn't know which one to accept.
Then he met a rvir. Greeley, the recruiter from Westing-
house. Mr. Greeley was a kindly man with a warm smile.
He described to Al how at Westinghouse young men have
their choice of six operating groups• and work in friendly,
tight-knit little teams on the world's most exciting projects.
"Go Westinghouse, young man," Mr. Greeley urged.
And Al Addin did. He wanted to be part of Westinghouse
efforts to help the nation rebuild cities, so he joined the
corporation's Construction Group — supplier of the world's
widest range of products for the construction market.
One day, while Al was polishing a Westinghouse larnp,
a Jeanie appeared. This pretty, warmhearted, intelligent
Jeanie was an engineer with the Elevator Division. (Women
are welcome at Westinghouse, an equal opportunity em-
ployer.) As the daughter of one of the richest men in Amer-
ica, Jeanie was in a position to grant Al Addin three wishes.
Al's first wish — to help Westinghouse build a municipal
complex of apartments, offices, stores and parks within an
established metropolitan area.
Al's contribution to the project was to help develop a
computerized environmental analysis technique — an in-
genious system for precalculating the heating and cooling
needs of all the buildings in the complex. Grateful archi-
tects and consulting engineers voted Al the year's most
calculating supplier.
Al's second wish — to help develop a total transporta-
tion system for a new housing area being built.
Transportation for the new project would consist not
only of a remote-controlled mass transit system, taking
commuters to and from their places of business . . . but
it would also include sophisticated elevator and electric
stairway systems to be installed within the project's ter-
minal and living areas.
Al's third and last wish — to marry Jeanie.
She consented on the condition that he let her join him
on other major projects and urban systems assignments
undertaken by Westinghouse throughout the world.
Al Addin agreed . . . and they lived happily ever after.
MORAL: All your wishes for a prosperous career can be
granted if you join Westinghouse, where awaiting you are
challenges, hard work, building block education, travel,
adventure, and yes, even romance.
You can be sure if it's Westinghouse
For further information, contact the Mr. Greeley from West-
inghouse who will be visiting your campus during the next
few weeks or write: L. H. Noggle, Westinghouse Educa-
tional Center, Pittsburgh, Pennsylvania 15221.
*The Westinghouse Operating Groups: Consumer Products; Industrial; Construction;
Electronic Components & Specialty Products; Atomic, Defense & Space; Electric Utility.
If hi 1\ 11 Knew,
He Sure Wouldn't like It
You've probably noticed the red, white, and blue
signs which were erected on campus. One gives the
amount of Federal aid to the construction of the new
buildings and the other gives the amount of aid to the
remodeling of the main building. At the bottom of
each sign is the name of our President, Lyndon B.
Johnson. This may be there to make you and I believe
the money was a gift from the leader of our Great
Society.
However, if you've filled out your tax form, you've
probably realized that this is not the case at all. This
money came from you and me and thousands of other
Americans. We are the ones that are helping to pay
for these improvements. And it is time that we put a
stop to the damaging of our property by several
irresponsible Rose "Men", who are not men at all but
little more than small children.
I'm sure most of you have seen a sampling of these
children's work. Many of the new desks are covered
with crude drawings, there is much litter thrown care-
lessly about, and there are places where fires have
been set in the dorms, just to name a few. Many re-
sponsible individuals know who is doing the damage,
but for fear of seeming too goody-goody, they don't
say anything about it. I have been guilty of this too.
But now it is time for us to stop this. If enough of us
adopt this positive and assertive attitude, we will be
able to curb and perhaps totally eliminate this sense-
less destruction. (If we don't, we may find ourselves
in a world totally unlike what we want because we
didn't speak out for what we felt was right.)
If you have been guilty of this senseless destruction,
ask yourself why you did it and don't settle for an
"I don't know" answer. Maybe you are doing it as a
means of getting back at your parents for being too
strict or to show that no one can tell you what to do
because you're a college man now. Or maybe its be-
cause you just don't care. If its a reason like the first
two, watch out. You're just kidding yourself if you
think what you're doing is a solution. Thinking such
as this can lead you to mental trouble. But if you just
don't care, then get out. Not just out of Rose, but out
of America. Because its people like you that have
helped cause the many problems which face America
today.
One solution to this problem is for those of us who
feel this destruction and littering is wrong to tell those
guilty of it that it is wrong. If reason is not effective
then appropriate punishment could be given. One
example of such is requiring any one who litters to
clean the grounds for a set period of time. The student
government would be ideal for handling these prob-
lems.
Just remember, if Lyndon knew about you messing
things up, he sure wouldn't like it.
69. W. K.
AMERICA'S OLDEST ENGINEERING COLLEGE MAGAZINE IN
CONTINUOUS MONTHLY PUBLICATION — 1891-1966
IN THIS ISSUE
Just how important are grades? Is there a way to
avoid competition for grades and are grades more import-
ant than knowledge? Should students go to class with the
idea of competing with one another or should they attend
classes with an attitude on learning something? Prof.
Rose makes some very good suggestions beginning on
page 5.
Three articles appear in this issue written by three
Jr. Civils. The articles are "Heat Treatment" on page 6,
"Creep" on page 8, "Corrosion of a Metal by a Gas" on
page 14. Discover what effect stress, chemicals, etc. have
on metals.
In this issue on page 10 is an article on the pollution
of our water system and what effects this pollution will
have on the future availability and usage of water by
Americans.
COVER NOTE
This month's cover by Pete Doenges, sophomore
Electrical Engineering major, is a graphical representa-
tion of the lattice structure of a molecular substance,
such as a metal.
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by Prof. Larry Rose
How often book-weary students
have heard that professorial intro-
duction, usually prefaced by a men-
acing frown and an awesome clear-
ing of the throat! So often have we
heard it, in fact, that a few words
on the subject, especially on the
problem of grade consciousness, may
be in order. I consider this to be
an important issue, though I must
admit that my sensitivity in relation
to it is in part due to the newness
of it (seasoned faculty members are
often more philosophical about the
grades-syndrome) , and that I am,
in view of the shortness of my ex-
perience at Rose, in danger of what
the logician calls "hasty generaliza-
tion."
The few words I want to say are
perhaps only a preface to what will
hopefully be a larger and broader
discussion at the spring student-
government symposium, "Is Our
Education Meaningful?" (April 28-
29) . It is to be hoped that some dis-
cussion can be generated in advance
of that conference on this and other
related subjects. To that end I would
like to suggest in this brief article
that: (i.) it is possible to work with-
in the present grading system with-
out being tyrannized by it; and (ii.)
it is only possible to avoid that
tyranny if students, faculty, and ad-
ministrators bring the problem into
view, discuss it honestly, and work,
day in and day out, at solving it.
e"7,
The Problem
The problem itself is so familiar
that little time need be spent in de-
scribing it. Fundamentally, the prob-
lem is that here and elsewhere, and
very often, the true and proper goal
of education has been replaced by
the aim of "making a grade." The
result is an unforunate reversal of
means and end — in this case, the
"means" being the grade, which
provides the incentive to achieve the
proper "end" of learning. When, in
the extreme case, such a reversal is
complete and the grade becomes the
only object of the academic process,
then the true nature of education
has been destroyed, demolished, de-
vastated. Choose your adjective, the
result is the same. Ideally, and I
say ideally, our educational system
exists to provide the formal appara-
tus through which /earning can take
place, and grades are incidental to
that process. When grades become
central, something has gone wrong.
Two questions might be raised at
this point. The first — is this state-
Mr. Rose was educated at De-
Pauw University, Yale University
and Claremont Graduate School. He
is an assistant professor in the
Humanities Department. and teach-
es courses in philosophy and re-
ligion.
Layout by FRANK NIGH
ment of the ideal learning system
applicable to Rose? Or, is engineer-
ing education, with its essentially
practical aim, different from the
broader and traditional education in
the arts and sciences? I cannot
speak with any authority here. My
view is that, while the end of an
engineering education may tend to
be defined more practically (as op-
posed, let us say, to learning for its
own sake) , the object in view is still
learning, in this case learning that
will fit one for a professional career.
(Continued on page 12)
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Dave Harshbarger is a junior
civil engineer from Crawfordsville,
Indiana. He is President of Lambda
Chi Alpha Fraternity and a mem-
ber of A. S. C. E.
Thermal activation is an important
factor in a number of processes in-
volving solid materials. They depend
to a great extent on the Arrhenius
equation.
- Ell
44) = Ae KT
This makes it clear that changes in
temperature have a marked effect
on the rates of processes, such as
diffusion and yielding.
Diffusion is the migration of atoms
and molecules through solids. When-
ever a metastable condition exists,
this diffusion goes on at all tempera-
tures. Thus metastable conditions
such as internal stresses, segregation
of atoms, and irregular grain sizes
tend to be ironed out and a more
homogeneous structure is produced.
This process is much more rapid at
high temperatures than at low.
The process of this principle is re-
ferred to as heat treatment. Various
heat treatments take advantage of
this increase in diffusion rate with
FIG, 1 - A roms IN
ALPHA IRON.
HEAT
by Dave Harshbarger
temperature to produce changes and
relieve these inequalities in a rela-
tively short amount of time. When a
material is suspected to contain re-
sidual stresses as a result of form-
ing, such as cold-rolled steel, it can
be relieved of these innternal stress-
es by heating to a high temperature.
At this higher temperature the atoms
or molecules are given sufficient
thermal energy to activate them un-
der the steady opposing action of the
internal stresses. Some plastics, for
example, are relieved of internal
stresses at various stages of their
manufacturing process to prevent
surface cracking. A temperature of
150° to 180°F for half an hour is
sufficient to do this. The rate of ap-
plication and removal of heat is very
important though. In the case men-
tioned above the temperature is
raised slowly to the final tempera-
tupre, at which the plastics are held
for thirty minutes and then allowed
to return slowly to room tempera-
ture. Low-carbon steel, which will
FIG.. 2- Aroms IN
GAMMA IRON.
be studied in more detail later, is
relieved of internal stresses at 1100°
to 1250°F, the temperature being
raised by 200°F or less per hour,
held for one hour and then lowered
by 200°F or less per hour. This en-
tire process takes approximately
twelve hours.
Approximate minimum recrystal-
lization temperatures for a few pure
metals are as follows:
iron 850°F copper 300°F
nickel 1100°F aluminum 300°F
gold 400°F magnesium 300'
Zinc recrystallizes at about room
temperature, while lead and tin re-
crystallize somewhere below room
temperature.
When a metal has been heavily de-
formed, such as in cold-rolling steel,
the grains are distorted and broken
up, leaving an in-homogeneous
structure which contains high re-
sidual stresses. Such a metal can be
recrystallized by controlled heating.
In this process, the distorted grains
are replaced by an entirely new net-
work of strain-free grains of the
regular size. The metal is thereby
softened, its ductility increased and
its strength lowered. Since the rate
at which diffusion progresses de-
pends on the temperature (refer to
equation on page 1) , the recrystalli-
zation temperature depends to some
extent on the time allowed. For ordi-
nary times, such as one hour, it is
usually between 35 and 50 per cent
of the absolute melting temperature.
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TREATMENT
If a metal is held at high tempera-
ture after recrystallization is com-
plete, as explained above, the new
crystals continue to grow. The larger
crystals gradually take over the
smaller ones and in time may be-
come larger than the original grain.
Thus as a result the metal becomes
still softer and weaker. This is why
the method of heat treatment is im-
portant in attaining certain proper-
ties such as strength and toughness.
The largest application of heat
treatment is on different forms of
steel. Ordinary steel may be defined
as a malleable alloy of iron and car-
bon. The carbon in steel may be
either in solution in the iron or it
may exist as the compound of iron
and carbon, Fe ,C, which is called
"cementite."
Pure iron occurs in two crystalline
forms. The form stabilizes at ordi-
nary temperatures and below about
1670°F is known as alpha iron, while
the form stable above 1670°F is
called gamma iron. (The third
form, delta iron, stable at tempera-
tures above 2500°F is of little inter-
est in ordinary heat treating.) Alpha
iron crystallizes in the body centered
cubic system, Fig. 1, while gamma
iron has a face centered cubic lat-
tice, Fig. 2.
Since gamma iron contains more
atoms per unit volume than alpha
iron, a decided contraction takes
place during the formation of gamma
iron from alpha iron upon heating
and a corresponding expansion oc-
Layout by BOB JOHNSON
curs upon cooling through the same
transformation point.
Alpha iron and gamma iron are
seldom produced in even reasonably
pure states, but almost always have
in solution various impurities such
as carbon, sulfur and manganese. For
convenience, therefore, the solid
solution in which gamma iron is the
solvent is called "austenite," while
the solid solution in which alpha iron
is the solvent is known as "ferrite."
In heat treating steel, if the cooling
rate from the heat treating tempera-
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ture is slow, the resulting structure
will be in a relatively stable condi-
tion, while if the cooling is rapid
(as in quenching) the structure will
be unstable. The stable conditions
(sometimes called "metastable" since
graphite rather than cementite pos-
sibly would be formed if the cooling
took place over a period of months
or years or if a large amount of sili-
con were present) may be represent-
ed by means of a diagram, Fig. 3,
where temperature of transformation
(Continued on page 26)
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cLayout by TERRY JOYCE
When a structure or a material is significant creep at room tempera-
loaded, it will undergo some instan- tures. Asphalt and tar exhibit creep
taneous deformation. If this load is at temperatures far below room
held constant and under any condi- temperature. And for a few mate-
tion deformation continues„ this ad- rials like concrete and wood, tem-
ditional deformation is known as perature is not an important factor,
by creep. ASTN defines creep as "the although it may contribute indirect-time-dependent part of strain result- ly.
ing from stress." The mechanisms of creep can be
Joseph Engineers will always run into ma- understood if the fundamental com-terials that will be required to sus- ponents are explained. Diagram 1
tain steady loads for long periods of illustrates a constant stress or
Krueger time. Some good examples are tim- a constant load applied to a member,ber beams in the roof of a building, with strain measured as it varies with
or steel cables or concrete in a pres- time. This is the usual procedure in
tressed concrete beam, or lead the study of creep.
sheaths on telephone cables. Such The strain is divided into three
materials may continue to deform parts, portraying the three distinct
at a rate almost imperceptible, until types of mechanisms. The first com-
Joe Krueger is a member of Theta Xi they grow large and even result in ponent is elastic strain plus plastic
fraternity. He is a junior civil engineer final fracture without any increase strain (if the stress is high enough) .
from the Aloha State, Hawaii. in load. This is the ordinary strain given by
Creep is usually thought of as an the stress-strain diagram and oc-
elevated-temperature effect because curs almost instantaneously when
of its close connection with high the stress is applied. Thermal ex-
temperatures in important applica- pansion may also be included in this
tions. However, this is true only if component if it is significant. This
elevated temperature are defined re- component is sometimes omitted
lative to the melting point. For from the creep curve. The other two
example, lead and plastic exhibit (Continued on page 20)
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Get off the ground with
International Harvester...
of all people All military transport helicopters in Viet Nam are equipped with International Solar
Titan' gas turbines—auxiliary power for takeoff, landing and hydraulic operations. Gas turbines are one more
part of our growing world of power at IH. While our farm equipment business is booming, there are many dif-
ferent kinds of opportunities for you at IH. With us, the name of the game is POWER. We apply mechanical
power to do an endless number of jobs. We're a leader in construction equipment, a marine engine builder,
steelmaker, and the world's leading producer of heavy duty trucks.
IH offers more areas for you to grow in than you can imagine. We need agricultural engineers, mechanical,
industrial, metallurgical, general, civil and electrical engineers with many diverse talents and interests. We offer
you an ideal combination of opportunity, responsibility and individual treatment. How fast and high you climb
at International Harvester will be pretty much up to you.
International Harvester puts power in your hands
Interested? Contact your Placement Officer to see an IH representative when
he visits your campus. Or write directly to the Supervisor of College Relations,
International Harvester, 401 North Michigan Avenue, Chicago, Illinois 60611.
AN EQUAL OPPORTUNITY EMPLOYER
R&D
Wate4
Sefrta1(14
Qa,ovad fteisan
We wish to thank the American Society
for Testing and Materials for permission
to reprint Senator Gaylord's address
from Materials Research and Standards
June 1966.
Pailatiaa P4a4lem
Not long ago a woman in New
York, reviewing some of the alarm-
ing statements that have appeared
in the press recently concerning our
water pollution problem, summed up
her feelings by saying "We Ameri-
cans are standing ankle deep in sew-
age, shooting rockets to the moon."
Was this woman being overly pes-
simistic about a local situation in
New York City? Or is there a real
reason for alarm? Our present situ-
ation is indeed alarming. Following
are some of the grim facts:
Every major river system in
America is polluted.
Almost all our lakes face ruin,
from the smallest pool in the woods
to the mighty Great Lakes chain.
The vast Lake Erie may already
be too far gone to save, as it suffo-
cates from a surge of pollution that
has consumed all the oxygen in the
2500-square-mile heart of the lake
and set off a cancer-like explosion
of weeds and algae.
The pollution in Southern Lake
Michigan has been labeled "practic-
ally irreversible"; even if all pollu-
tion is stopped today it might take a
hundred years for it to be clean
again.
Cities are now discharging the
equivalent of the untreated sewage
from 75 million people.
Industries are now discharging the
equivalent of the untreated sew-
age from 165 million people.
Poisonous pesticides which do not
decompose are being used at the rate
of 700 million pounds a year, and
Layout by ANDY SPENCE
their use will increase tenfold in the
next twenty years.
Ships, marinas, and lake shore cot-
tages are polluting many of our
choicest lakes and rivers.
In Senate hearings on air and
water pollution it was pointed out
that we had a lot of water, but that
much of it was inaccessible. The
ocean, of course, is an inexhaustible
supply. But we have no truly eco-
nomical method for using it, and we
probably never will have in a coun-
try as large as ours, in which the
major centers of population are as
far away from the ocean as they are
We have available to us in this
country—that is, available in any
practical sense—something like 800
or 900 billion gallons of water per
day. We are now using water at the
rate of about 340 billion gallons per
day. By 1980 we will be using it at
the rate of 600 to 650 billion gallons
per day. By the year 2000 we will be
using it at the rate of about 1000 to
1200 billion gallons per day, or about
1% times as much as there is avail-
able. This means that all the water
available to us will have to be used
1% times per day in order to keep us
supplied.
If we pollute the water, however,
we confront ourselves with the prob-
lem of cleaning it up every time be-
fore we use it again. This means that
we are pulling the water out of the
river, cleaning it up, using it, and
returning it polluted to the river.
This is much more expensive than
it would be to require everybody
who uses the water to treat the waste
to the highest degree possible before
returning it to the river.
Now, what have we done to our
water? We should guess that we have
desecrated more of our resources—
water, soil, minerals, forests—in 150
years than any other country in
the history of the world ever did in
a thousand years. And the pace of
this destruction is accelerating rap-
idly. There is not left in America a
single major river basin unpolluted—
none. They are all in various degrees
of pollution, most of them very seri-
ously.
The Maumee River, which runs
into Lake Erie, is so badly polluted
with oils that it catches fire several
times each summer. The Great
Lakes, which constitute the largest
collection of fresh water on the face
of the globe, are on their way to
complete and total destruction.
A recent study of the southern tip
of Lake Michigan concluded that it
was probably polluted beyond re-
demption. Two years ago, when a
vast flock of gulls landed there as a
stopping-off place, ten thousand of
them died from swimming in the
polluted water. The beaches off the
shore of Milwaukee have been closed
intermittently since 1959. The beach-
es along the shores of Green Bay
have been closed for the past 25
years. Still, the great tide of pollu-
tion sweeps on, and at the present
pace we will have destroyed all the
water of the Great Lakes in another
20 to 25 years.
(Continued on page 13)
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Opportunities at Anaconda
in mining and metallurgy here and abroad, at Anaconda American Brass Co.,
Anaconda Wire & Cable Co., and Anaconda Aluminum Co.
Extractive metallurgy is a
key to more metal
The metallurgical bubble bath above is
a flotation cell in a new Anaconda con-
centrator. Although it may seem crude
and simple to a layman, the process in-
volves complex combinations of colloi-
dal and surface chemistry, crystallog-
raphy, physics, and special grinding
methods adapted to the ores at each
individual mine. It represents one way
Anaconda's metallurgical research is
helping make more metal available for
our growing economy.
At Butte, Mont., such research, in rais-
ing recovery of metal from low-grade
ores, is making today's submarginal
material part of tomorrow's ore re-
serves.
As Anaconda's intensified geological
research and exploration turns up new
prospective mineral deposits, the need
for metallurgical research and devel-
opment grows. Each deposit must be
analyzed to determine the feasibility of
recovering its metal. And as research
develops more efficient extraction proc-
esses, lower grade and more complex
deposits can become mines.
To accomplish this, Anaconda is estab-
lishing a central extractive metallurgi-
cal research center at Tucson, Arizona.
It is carefully planned and is being su-
perbly equipped. It is near a large uni-
versity staff, which can be consulted as
needs arise, thus offering a stimulating
environment for progressive research
and development. In turn, this means
attractive new openings for a variety of
engineering talents—not only in metal-
lurgy, but also in chemistry, physics,
and mechanical engineering.
Dynamic test yields new data
on copper-metal springs
Copper metals are among the most
useful spring materials known to man.
The role of modulus of elasticity in this
application was studied at the Research
and Technical Center of Anaconda
American Brass for more precise data
and to make possible predicting spring
performance at various ambient tem-
peratures.
Modulus of elasticity can be deter-
mined by physical testing in tension or
compression. But Anaconda found the
dynamic method (below) easier to per-
form and just as accurate.
Results are of prime importance to de-
signers of spring devices. The signifi-
cantly lower modulus of elasticity for
copper metals means that at the same
level of stress, copper alloy components
will deflect or extend almost twice as
far as components made of steel—usu-
ally with no sacrifice of maximum
stress. This can mean more sensitive
controls—or "softer" action in the ab-
sorption of energy.
This is but one way Anaconda is refin-
ing and broadening knowledge of the
many useful properties of copper met-
The talents and skills of techni-
cally qualified men and women
will always be needed by
Anaconda in important positions
in exploration, mining, extrac-
tive metallurgy, manufacturing,
scientific research, sales, and ad-
ministration.
If you would like more informa-
tion about Anaconda or wish to
apply for employment, vvrite to:
Director of Personnel, The
Anaconda Company, 25 Broad-
way, N.Y., N.Y. 10004.
An Equal Opportunity Employer
als. Such research opens vast new op-
portunities for growth—career oppor-
tunities at Anaconda American Brass
for college graduates in all fields of en-
gineering, in business administration,
and sales.
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SUSPENDED TEST BAR IN FURNACE RESONANCE DETECTOR
Bright future for a
bright metal
How do you make containers to hold
motor oil or citrus concentrates at low-
er costs? How can you package airline
in-flight meals to enable reconstituting
of foods at very high temperatures for
fast serving—and retain quality and fla-
vor? These are typical questions asked
and answered in the Packaging Devel-
opment Laboratory of Anaconda Alu-
minum.
A growing factor in the aluminum in-
dustry, Anaconda Aluminum is partic-
ularly strong in packaging—with plain
foil, laminated foil and rigid foil con-
tainer products. And it has developed
several firsts in the aluminum industry.
One is the patented foil-fibre container
for motor oil and for citrus concen-
trates. Another is foil containers (see
above) for better airline service in the
jet age. Now frozen and refrigerated
meals can be heated rapidly and served
quickly. Anaconda Aluminum has an
outstanding record of developments
which have had a tremendous impact
on the packaging industry.
Anaconda Aluminum is also a produc-
er of primary aluminum. To meet the
growing demand for the metal in pack-
aging, transportation, electrical, and
building products, Anaconda Alumi-
num has been steadily increasing its
output—is currently expanding its pri-
mary ingot capacity by two-thirds. This
expansion involves an investment of
$50,000,000.
Anaconda Alumium is growing, and
will become an increasingly important
factor in the bright future of the bright
metal. For this it needs people—not
only for its packaging laboratory and
foil operations, but also for its other
fabricating plants and reduction opera-
tions. This means growing opportuni-
ties for metallurgists, chemical engi-
neers, industrial engineers, plant engi-
neers, and system engineers.
Left: Dynamic test for modulus of
elasticity. Oscillator changes frequency
until test bar begins to vibrate. From
natural frequency shown on oscillo-
scope, "dynamic modulus" can be com-
puted.
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(Continued from page 5)
And even if one were to substitute
"training" for "learning" in the pre-
ceding sentence, the object would re-
main substantial, having little or
nothing to do with the achievement
of a required grade-point-average
for a required number of courses.
The second question is perhaps
more crucial. Does the problem, as
defined, really exist here at Rose?
Obviously I would not be writing
this stimulus to your thinking (and
I do not pretend that it is anything
more than that) if I could answer
that question in the negative. I do
not suppose that the problem is sig-
nificantly different here than at
other schools, and I must leave it to
each reader to determine for him-
self how serious it is. That it does
exist here is incontrovertible. Two
illustrations do not prove the case
but simply suggest the issue.
Rose sophomores, picking up final
exams outside a certain professor's
door, were constantly heard to re-
mark as to the grade received —
but not once (in the many comments
overheard) was there a comment
made upon the substantial issues of
the course, insofar as the exam re-
lated to them, or upon the profes-
sor's comments on the exam, insofar
as they may have been of a con-
structive, critical nature.
The freshmen and seniors were
asked recently about the advisability
of offering certain courses in each
department in which, in place of
grades, a "satisfactory" - "unsatis-
factory" report would be given. The
seniors responding answered 42-32
dgainst such a proposal. The fresh-
men, on the other hand, supported
the idea, 157-46. Is it possible that
the freshmen are still naive enough
to believe that one might take a
course for the sole purpose of learn-
ing a body of material — while the
seniors have been so indoctrinated
as to be suspicious of any course to
which there is no grade attached? It
is possible.
If, for the purposes of argument,
we may assume that the problem of
grade consciousness does exist at
Rose (whether or not to an excessive
degree) , one must at the same time
point out that there are extenuating
circumstances. That is, the current
draft situation makes everyone un-
easy and tends to turn a young man's
fancy to thoughts of his GPA! Fur-
ther, the standards which the Insti-
tute must necessarily maintain have
the inevitable effect of forcing that
group of students lying nearest the
line to be very conscious of how each
course turns out — gradewise! This
is, I suspect, unavoidable. Moreover,
all of us are in some part products of
our environment, and we are, in this
case, products of the grading system.
It may be wholly unreasonable to
expect that any student could oper-
ate with any other frame of refer-
ence, given the years of indoctrina-
tion that lie behind him. All of these
factors, plus the old bugaboo, compe-
tition, have tended to encourage our
focusing on the manifestations of the
educational process, the grades, ra-
(Continued cm page 28)
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(Continued from page 10)
What price salvation?
What would it cost to prevent
further destruction and to repair the
damage that has already been done?
The best estimate that we can find
is in the neighborhood of $100 bil-
lion. That's a lot of money. It's
equal to our defense budget for
about a year and a half. The ques-
tion is whether we are concerned
enough about the quality of the en-
vironment in which we live to make
this investment. That is one of the
crucial domestic questions of our
age. We now have the technological
capability to produce a standard of
living which can afford everybody
the oportunity to live in physical
comfort, to have a good education,
even to acquire many of the luxuries
of life. The question is, what kind
of environment will we have in
which to enjoy these luxuries? It
will avail us nothing if we have all
the other good things of life but have
no decent place in which to live and
no decent air to breath.
Well, how do we solve this prob-
lem? For years, we have heard the
argument: let the states and mu-
nicipalities settle it.
The fact of the matter is, we have
polluted everything in America un-
der this system. The reasons are
obvious. One is that cleanup will
cost a lot of money. The other is
that the municipalities and the states
cannot pass laws that will put their
industries and their cities in an ad-
verse competitive position. If one
state were to require all its munici-
palities and all its industries to ad-
here to the highest possible waste
disposal standards, it would impose
a very heavy financial burden upon
the industries, and they would sim-
ply move somewhere else. So the
local and state laws are not passed,
and the ones that are passed are not
enforced. Although the municipali-
ties and the states have a role to
play, they cannot do it alone.
This problem can only be solved
with massive federal assistance. We
(Continued Olt page 25)
Here at AC Electronics
we've got a system
for keeping our people
interested in their work...
...the solar system.
At AC Electronics the solar system is our workshop. Some of our work is far out. Like building
the guidance 'navigation system for Apollo and LM; or working on SABRE. the new Self-Aligning Boost
and Reentry system for missiles; on the Manned Orbiting Laboratory (MOL); on the Titan III-C Space
Booster; and on supersonic and subsonic aircraft of the future.
Some of our work is more down to earth. Like the Ship's Self-Contained Navigation System
(SSCNS) we're working on for the Navy; or the fire-control system for the new Main Battle Tank, a
joint U.S.-Federal Republic of Germany program; and advanced digital computer development for other
military, space and commercial applications.
That's why life is never dull at AC Electronics. If there's anything new under the sun. chances
are we're working on it. And just to make sure you're kept up on what's new, there's our Career
Acceleration Program, which includes "in-plant'' instruction. There is also a Tuition Refund Plan
available for any college-level courses taken to advance your career.
If you're completing your B.S. or M.S. degree in E.E., M.E., Math or Physics, check into the
exciting career opportunities at any of our three locations — Milwaukee, Boston, and Santa Barbara.
See your college placement office, or write: Mr. R. W. Schroeder, Dir. of Scientific & Professional
Employment, AC Electronics Division, Dept. 5753, Milwaukee, Wisconsin 53201.
Ph.D.s, please note: positions are available in all three AC locations, depending upon concen-
tration of study and area of interest.
c--1()C-Th AC ELECTRONICS
-- DIVISION OF GENERAL MOTORS
•- I —,,•1
GM
m.o. O. l.Ctllt.C1.
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The corrosion of a metal by a gas
denotes destruction of the metal by
chemical or electrochemical action;
a familiar example would be the
rusting of iron. The word destruction
indicates a problem to the engineer.
If left unchecked serious difficulties
can arise which result in the failure
of materials to accomplish their de-
sired functions.
In the reaction the molecules of
the gas are absorbed on the surface
of the metal and react to form corro-
sion products. The reaction is usual-
ly of the form
Examples are:
Metal + Nonmetal — Oxide or Salt
Ca + CL — Ca CI,
4Fe — 2Fe2 .
The rate at which the metal and gas
combine depend upon the products
involved and the conditions present.
Some metals like sodium combine
readily with gases like chlorine to
form simple table salt. Other metals
like iron in dry air produce no sig-
nificant reaction. Often for certain
reactions to occur, moisture has to
be present with the gas. This is often
seen in atmospheric corrosion. In
ordinary life of the metal, the metal-
lic surface is exposed to wet and dry
conditions. Wet conditions are often
experienced in the open environ-
ment, and dry conditions experienced
in heated shelters.
In dry atmospheric corrosion,
14
water vapor is either absent or plays
no essential part in the reaction. The
common metals, in the absence of at-
mospheric pollution, form films of an
oxide which are invisible at ordinary
room temperatures and are visible at
elevated temperatures. In traces of
gaseous pollution, copper, silver, and
certain other nonferrous metals
undergo a visible film formation at
ordinary temperatures. Generally
these materials are referred to as
tarnished.
In wet atmospheric corrosion
moisture is required before corrosion
can occur. Often the mechanism of
the attack approaches that developed
under an immersed condition.
Once corrosion starts, the corrosion
changes may be divided into two
classes: those which produce a solid
film, and those which do not. Film
forming reactions usually become in-
creasingly slow as the film thickens,
whereas in the absence of film-
formation, the velocity of the attack
is unlikely to slow down with time,
except as a result of the exhaustion
of the metal.
When the volume of the corrosion
product formed is greater than that
of the metal consumed, the layer is
compressed to fit the surface on
which it is formed. A nonporous,
protective shield results on the metal
surface. If, however, the volume of
the corrosion product is less than
that of the metal consumed, the layer
must expand to cover the surface.
This results in a porous covering
which offers little protection against
further corrosion. The situation
which applies is determined by com-
paring the specific molar volume of
the corrosion product with that of
the metal. Molar volume is expressed
as M/p cm3 'mole, where M is the
molecular weight and p the density.
When
Mc Mm
— >
Pc Pm
where the subscript c stands for the
corrosion product and m for metal,
a protective film results. Most metals
satisfy this equation. In the alkali
metals and alkali earths, it is found
that the above relations does not
exist.
When Mm /Pm >Mc /Pc, a porous
corrosion film forms. This porous
formation can be considered to be
similar to a cracking in the film. This
cracking allows the gas to remain in
contact with metal, and the chemical
ceeds at a fairly constant rate. The
reaction at the metal surface pro-
rate of corrosion can be measured in
terms of the weight increase per unit
area, w, or film thickness, x. There-
fore, a straight line relationship
exists which can be written dy/dt=k
or y=KT.
It is found that when a nonporous
corrosive film is formed, corrosion
can only proceed by diffusion. This
diffusion is an electrolytic action.
The interface between the metal and
the film acts as an anode, where elec-
trons are liberated, and the gas-film
1.0
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interface acts as the cathode, where
electrons are received. The film acts
as a conductor which carries the
electron flow, current, between the
anode and cathode, and as a con-
ductor for the ions between the
anode and cathode. As expected, the
positive metal ions move in the di-
rection of the cathode while the
negative gas ions move in the direc-
tion of the anode. It is recalled that
a negative ion has accepted electrons
to complete its outer valence shell
while the positive ion has given up
electrons to complete its outer val-
ence shell. As a result, the gas ions
are bigger and diffuse much slower.
The reaction, therefore, predomin-
antly occurs at the outer surface, the
cathode.
The rate of growth of the film can
be calculated by considering the cur-
rent and the resistence. The amount
of material deposited on the outer
surface per unit time depends on
the current of the electrons and the
metal ions flowing toward the sur-
face. Therefore
dx
CI
dt
where x film thickness, t time, C a
constant, and I the current. Ohm's
law gives
I — —
R
where E is the electromotive force
associated with the reaction at the
film surface and R the resistance of
the film. As seen earlier R is found
to be proportional to, x,
ID
0
2 3
(h......5)
R = px/ A
where p is the resistivity and A the
area of the film. Solving
where x
grating
dx CTA
dt p x
and t are variables. Inte-
x2 = C2T
which is the equation of a parabola.
If corrosion continues on the metal
and compressional stresses are ap-
plied to the surface, a blistering be-
tween the metal and film interface
may develop. If the blister causes
the film to crack, the gas is allowed
to reach the metal surface, and fresh
film growth may occur at the base,
leading to linear film growth. If the
blister is airtight, the only mecha-
nism of film growth is the continued
movement of the metal ions outward.
On the portion covered by a blister,
the cavity will act as a barrier to the
outward movement of the anions,
making film growth nearly impossi-
ble. Thus, continued film growth
must occur over the unblistered
areas. As time increases and the film
thickens, it is found that film growth
follows a logarithmic pattern. The
equation can be expressed in the
following terms,
x = C, log ( —
T,
T 1
As can be seen the blistering is
usually temperature dependent.
At different temperatures, many
metals are found to have different
types of film growth when exposed
to a gas. Copper at 250°C. first obeys
the parabolic law and then the loga-
rithmetic law. Iron above 200°C.
obeys the parabolic law, but the
logarithmic law between 50 and 195°
C. In general, high temperatures
favor parabolic growth and low tem-
peratures logarithmic. This can be
expected since the conductivity of a
metal rises with temperature as illus-
trated by the following equation,
p = p, (1 + a (T2 — T, ) )
and the parabolic growth is depend-
ent upon the resistance. Since the
Mike Rayphole is a Junior Civil from
Covington, Indiana and is the President
of the A. S. C. E.
diffusion rate is temperature de-
pendent, it is seen that the variation
of corrosion rate is usually governed
by the Arrhenius equation,
E
= Ae -
KT
Thus, the corrosion rate increases
rapidly at high temperatures.
At high temperatures the film
substance will usually be plastic and
brittle at low temperatures. When a
certain thickness is reached at the
lower temperatures, the film may
crack; so that the previously slow
growth may suddenly speed up. This
can be illustrated by comparing cop-
per at 800°C and 500°C as follows,
Figure 1.
In preparing this report it was
found that many factors vary the
corrosion of metals. To find detailed
informattion concerning the corrosion
of specific metals one can be referred
to the Corrosion Handbook.
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ENGINEERING
6RAillIATES
Continued expansion
of our military and commercial business
provides openings
for virtually every technical talent.
As you contemplate one of the most important decisions
of your life, we suggest you consider career oppor-
tunities at Pratt & Whitney Aircraft. Like most everyone
else, we offer all of the usual "fringe" benefits, in-
cluding our Corporation-financed Graduate Education
Program. But, far more important to you and your fu-
ture, is the wide-open opportunity for professional
growth with a company that enjoys an enviable record
of stability in the dynamic atmosphere of aerospace
technology.
And make no mistake about it . . . you'll get a solid
feeling of satisfaction from your contribution to our
nation's economic growth and to its national defense
as well.
Your degree can be a B.S., M.S. or Ph.D. in: MECHAN-
ICAL, AERONAUTICAL, CHEMICAL, CIVIL (structures
oriented), ELECTRICAL, MARINE, and METALLURGI-
CAL ENGINEERING • ENGINEERING MECHANICS,
APPLIED MATHEMATICS, CERAMICS, PHYSICS and
ENGINEERING PHYSICS.
For further information concerning a career with Pratt
& Whitney Aircraft, consult your college placement
officer—or write Mr. William L. Stoner, Engineering
Department, Pratt & Whitney Aircraft, East Hartford,
Connecticut 06108.
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Take a look at the above chart; then a good long look at
Pratt & Whitney Aircraft—where technical careers offer
exciting growth, continuing challenge, and lasting sta-
bility—where engineers and scientists are recognized as
the major reason for the Company's continued success.
SPECIALISTS IN POWER . . . POWER FOR PROPULSION—
POWER FOR AUXILIARY SYSTEMS. CURRENT UTILIZATIONS
INCLUDE MILITARY AND COMMERCIAL AIRCRAFT, MISSILES,
SPACE VEHICLES, MARINE AND INDUSTRIAL APPLICATIONS.
Pratt &Whitney Aircraft
CONNECTICUT OPERATIONS EAST HARTFORD, CONNECTICUT
FLORIDA OPEFtATIONS WEST PALM BEACH. FLORIDA
DIVISION OF UNITED AIRCRAFT CORR
A
An EqUal Opportunity Employer
MISS TECHNIC
Our first Miss Technic of 1967 is Sally
Simmons, a shapely co-ed from Indiana
State University. Sally is a pledge of Chi
Omega Sorority and a member of the
Union Board. After graduation she plans
to pursue a career in business. Sally is
5' 5" tall and has brown hair and green
eyes.
SALLY SIMMONS
Layout by BOB UHLMANSIEK
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CREEP
(Continued from page 8)
components are transient creep
strain and steady creep strain.
These two components make up the
total strain traceable to creep.
The principal characteristic of
transient creep is its decreasing rate.
Deformation is rapid at first but
gradually becomes slower as it ap-
proaches some fixed value. Steady-
state creep, on the other hand, con-
tinue to increase, and under constant
stress it does so at a constant rate
throughout deformation. Thus it is
identical with viscous flow and is
usually referred to as viscous creep.
Both components are temperature-
dependent through the Arrhenius
equation. However, viscous creep is
much more so and is usually insig-
nificant of temperatures lower than
35 to 50 per cent of absolute melting
point of the material. Transient
creep is observed at all tempera-
tures, even near absolute zero.
Hence it is sometimes referred to as
cold creep, and viscous creep as hot
creep.
A number of mechanisms are in-
volved in transient creep and their
importance varies with the material
and the magnitude of the stress.
The elastic after effect always
forms a part of transient creep. In
crystalline materials it is so small
compared with other creep deform-
ations as to be practically insignfi-
cant. In amorphous materials, how-
ever, it often contributes a major
part, as, for example, the configura-
tional response (uncoiling of mole-
20
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cules) in polymers. At stresses with-
in the elastic range elastic after-
effect necessarily constitutes almost
the entire transient creep for any
material.
In crystalline materials another
mechanism operates at stresses in
the plastic range. Transient creep
consists of small additional amounts
of yielding, produced by thermal ac-
tivation. Application of stress is ac-
companied by the initial plastic
strain, which ceases as soon as the
stress is just balanced by strain-
hardening. Thereafter the impluses
of thermal energy continue to cause
further small increments of strain.
Each increment, however, causes a
further small increase in strain-
hardening. Consequently each in-
crement becomes a little more diffi-
cult and further increments less and
less frequent. Thus transient creep
gradually approaches a maximum.
This mechanism also operates at
stresses in the upper elastic range,
where thermal activation can some-
times induce localized yielding at
scattered points. In amorphous ma-
tTrials which do not strain-harden
transient creep is entirely an elastic
aftereffect phenomenon.
Creep of concrete is a complex
process that is not yet fully under-
stood. Under ordinary compressive
stresses it consists largely of tran-
sient creep; that is, the strain ap-
proaches a final value after some
period of time. Several mechanisms
are involved. The most important
seems to be the flow of absorbed
water out of the cement gel as a
result of external pressure. Other
mechanisms include the closure of
internal voids, plastic or viscous
flow in the hardened cement paste,
and plastic deformation of the aggre-
gates. Creep has been observed at
stresses as low as one per cent of
the ultimate strength.
Viscous flow is the natural form
of inelastic deformation in thermo-
plastic or amorphous polymers. The
chain moelcules slip past each other,
constantly breaking and reforming
their bonds, but there is no strain-
hardening. Consequently almost the
entire deformation can be classified
as creep and is often plotted in the
form of a creep curves strain as a
function of time. The amount of
this type of deformation varies with
temperature and stress. At small
stresses and low temperatures it is
almost nonexistent, while at temper-
ature above the flow temperature or
for large stresses it becomes very
large. Use is made of viscous flow
in extrusion and molding operations.
(Continued on page 22)
Welcome
to the cold,
cruel world.
Of course, if your father's a millionaire, or you're about to marry an heiress,
then you have no problems. But, if not, then there's only one sensible thing to
do. Come to work at Allison Division of General Motors.
There's nothing cold or cruel here. Just the opposite. Particularly if you're an
engineer with big ideas. Aerospace projects? Allison's got them. Turbofan.
Turbojet. Turboprop. Turboshaft. Military and commercial applications right
across the board.
Maybe you're more down-to-earth. Fine. Some of Allison's advanced motor ve-
hicle projects will be more your cup of tea. Like the new M551 General Sheridan,
for instance. The powershift transmission, of course, is our specialty, and even
the gun launcher is an Allison brainchild.
There's more. And you can be part of it. Take your time. Check them all. But
don't forget Allison. Remember: life can be beautiful . . . even
without an heiress.
For the complete story, send for Allison's new brochure: Destination
Tomorrow. Write Ken Friedlein, Scientific Placement, Dept. 400,
Allison Division of General Motors, Indianapolis, Indiana 46206.
GM
If.lt Of tICtILlffC1
An equal opportunity employer tvl/F
In crystalline materials that strain-
harden viscous flow takes place when
the strain-hardening effect is just
balanced by the softening effect of
heat. Each increment of plastic
strain is accompanied by an in-
creased in yield stress, which in
turn is gradually lowered by thermal
softening so that more plastic strain
occurs, and the cycle is repeated con-
tinuously. The primary mechanism
by which deformation takes place
is slip, as in normal plastic yield-
ing. Softening occurs largely through
an annealing process, in which the
atoms of the crystal migrate or dif-
fuse to positions of lower energy,
aided by the high thermal energy.
One effect of this diffusion is that
dislocations are made more mobile
and can detour around obstacles,
given a little time. Diffusion seems
to take place more easily along high-
ly distouted (high-energy) bound-
aries than through the crystals them-
selves. Thus a fine grained metal,
which has more such boundaries
than a course-grained metal, is sub-
ject to more diffusion, and conse-
quently more creep at high temper-
atures.
A secondary process in viscous
creep of polycrystalline materials is
flow of the drains themselves, as
K,mirigid bodies. It is called grain-
boundary shearing and results in
rotation of the grains during the
creep process. It ordinarily contri-
butes only a small part of the total
creep strain, but is important in frac-
ture produced by creep.
At high temperature viscous creep
occurs at stresses below short time
yield stress for that temperature, i.e.,
at stresses which could cause only
elastic deformations if applied for
short times. This is evidence that
yield stress is much more rate-de-
pendent at higher temperatures. The
high thermal energy can induce mo-
tion as dislocations under lower
stresses if given sufficient time.
Viscous creep in such amorphous
materials as glass, tar, and sealing
wax is like the viscous flow of
liquids. In fact, these materials are
often thought of as supercooled li-
quids because of their disordered
POLYTECHNIC
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structure of atoms or small mole-
cules. The mechanism of flow con-
sists of rearrangements within many
small groups of atoms or molecules.
The figure of molecules shows such
a group, which can be distorted sim-
ply by movement of the two central
molecules move to the positions
shown by the dotted circles in figure
A, the entire group will be distorted
as in figure B. This distortion
amounts to a high local shearing
train. The controlling factors are
thermal activation and shearing
stress. Without stress, thermal ac-
tivation may be expected to cause
random shift of this kind through-
out the metal. The net result is zero
overall distortion under a shearing
stress, however as shown in figure
B, the shifts are predominantly in
the director of the shearing stress,
and an overall strain results. If the
temperature is high enough, the
groups continually rearrange them-
selves, and more mobile groups like
that in the figure are constantly
formed. Thus strain continues, and
the material under goes viscous flow.
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SPORTS
A CHEER FOR
OUR NETMEN
Earlier this school year, I chal-
lenged the student body to renew
their efforts in backing athletics at
Rose Poly. Now, with the basketball
season well under way, I would like
to comment on the results of that
challenge, and the progress of the
basketball team.
Coach Mutchner and his basket-
ball squad worked long and hard
hours this past fall preparing for
what they hoped to be a winning
season. Their first game was a re-
flection of their efforts. Despite the
natural first game "nervousness,"
Rose downed Berea College, 80-65,
before one of the largest home
crowds I had ever seen at Rose. The
spirit of the Rose fans was high, and
the R.O.T.C. band added that "some-
thing extra" that goes a long way in
pepping up a crowd. When the final
buzzer had sounded Berea's defeat,
the "Rose bell" began to clang and a
cannon shot echoed throughout the
fieldhouse. I knew then that my chal-
lenge had been answered. The ques-
by Don Riley
Layout by DAN MOHR
tion which I thought of then was
"Would the spirit remain if Rose
were to lose a few games?" Proof of
my "unfounded" skepticism revealed
itself last Saturday when Rose rout-
ed St. Francis 100-81. The hometown
fans were out in full force despite
two home losses, and the basketball
team let the fans know they were
appreciated by treating them to the
finest game this season. The floor-
work was polished, evidence of a
maturing team; shooting was good
with Jim Pettee leading the way with
his best game with Rose; and the for-
wards and guards started to work
the ball to George Shaver. If this
practice is continued, and I assume
it will be, then Rose can look to the
rest of the season with optimism. If
Shaver can develop an effective hook
shot, then he will become one of the
top pivot men in the conference.
At present, Rose stands 6-3, with
twelve games yet remaining on the
schedule. Individual statistics for the
team are remarkable. Four regulars
The author is Don R. Riley,
a junior majoring in electri-
cal engineering from Akron,
Ohio. Don is a member of
Lambda Chi Alpha fraterni-
ty, and is also active in the
Glee Club.
are averaging double figures. Tom
Curry leads the way with 17.3 points
per game. Dave Yeager has a 14
point average while Shaver and
Jerry Wones are collectng 13 points
a game. Curry is also the team's
leading scorer and rebounder. He
has 138 total points and 138 re-
bounds. Shaver and Wones are sec-
ond in total points with 105, and
Shaver has pulled down 106 re-
bounds.
As a team, Rose has scored 85.7
points a game while their opponents
have averaged 80.7 points. The team
has reached the century mark twice,
both times coming against St. Fran-
cis. The shooting percentage for Rose
is a respectable 44.5 , despite a
tremendous cold spell against Prin-
cipia.
However, statistics can only indi-
cate a team's capabilities. They will
never reflect a team's desire and de-
termination to improve and to win.
The Fighting Engineers have that
desire and determination. This is the
mark of a mature team.
-vvhat's so special about Collins?
Unusual career opportunities? Fringe benefits?
Ideal locations? Exciting work? Advancement poten-
tial?
Well, almost every industrial concern can offer
those.
We can show you dozens of photographs of ca-
reer people working at Collins, using the finest
facilities and tools available. But that isn't the whole
Collins story.
You see, one of our biggest specialities is you.
Your speciality is special at Collins. Every major
engineering breakthrough at Collins can be traced
to an individual specialist or team of specialists.
Which leads to another speciality: state-of-the-art
communication systems. Collins' record of "firsts"
over the years is an enviable one: single sideband
development, space communication systems, air-
craft all-weather landing systems, high-speed data
communication and message switching networks —
to name a few.
We suggest you contact Collins' representative
when he's on campus. And contact your college
placement officer for details.
The rest of the Collins story? We frankly can't tell
you at this moment.
You'll be writing it.
COMMUNICATION / COMPUTATION / CONTROL
COLLINS RADIO COMPANY / DALLAS, TEXAS • CEDAR RAPIDS, IOWA • NEWPORT BEACH, CALIFORNIA • TORONTO, ONTARIO
Bangkok • Beirut • Frankfurt • Hong Kong • Kuala Lumpur • Los Angeles • London • Melbourne • Mexico City • New York • Paris • Rome • Wa%hington • Wellington
WATER POLLUTION
(Continued from page 13)
must use the same formula that was
used to construct our magnificent
interstate highway system-90 per
cent federal money and 10 percent
local.
So we believe the answer is this:
If it is going to cost $100 billion it
really doesn't matter whether you
pay for it in the cost of the product
or whether you pay for it in my
taxes. If we were to require the
automobile industry, for example, to
cease its pollution, the heavy ex-
penditures that would be required
would show up in higher costs to
the consumer for his automobile. So,
in the end, it is the consumer, the
general public, who will pay. This
is not a problem for the automobile
industry. It is a national problem,
and the solution must be a national
one.
Another aspect of this problem is
that we simply don't know enough
about waste management. We need
research to determine better meth-
ods of neutralizing wastes and better
methods of disposing of was`e. Not
too many years ago, when this coun-
try was not so highly industrialized
and when all waste was biodegrad-
able, we had no problem. Lakes,
rivers, and oceans have a remark-
able capacity for degrading waste
and completely cleaning themselves.
as long as you don't overtax their
capacity. But that time is now gone.
We are confident that science can
find new ways to neutralize waste
and to refine effluent.
Perhaps Governor Brown in Cali-
fornia has already showed us the
way. We understand he recently
negotiated contracts with people in
the aerospace industry to find ways
of applying systems analysis in
evaluating social problems and seek-
ing solutions to them. One of the
studies was in the field of waste
management. That study cost $100,-
000 and resulted in some very inter-
esting ideas. The central idea was
that waste management needs to be
studied as a whole and not in bits
and pieces. It does no good to pull
pollution out of the air and put it in
the water. It does no good to dis-
pose of rubbish by burning it and
polluting the air. What we need is
a comprehensive waste management
study in this country to find out
how we are disposing of waste, what
is the present cost of our methods of
disposing of waste, what is the cost
of reclaiming polluted air and water
as a result of these methods, and
what are our alternatives.
We believe the people of America
are ready at long last for this kind
of legislation. It may take time for
such a broad program to be fully
understood. It may require some
budgeting skill to make the neces-
sary funds available. But if the pub-
lic and its elected representatives
really want to save their threatened
waters, then we have no real alter-
native but to adopt this comprehen-
sive approach. Pollution itself is
costly and controversial. If we are
not willing to pay the price to save
our fresh blue waters, we will pay
a far more terrible price in their
destruction.
OSBORN
MANUFACTURING
COMPANY
The Osborn Manufacturing Company, established in 1892, is the world's leading producer of
power driven brushing tools and advanced foundry production machinery. Osborn Deburring
and Finishing Machines, and precision grinding wheels Pre other products that have gained
outstanding acceptance in a wide range of industries. All machines and products are design-
ed by Osborn engineers.
Osborn has maintained its leadership over the years through extensive research and develop-
ment. At the present time, the company is continuing a substantial machinery, equipment, and
manufacturing methods improvement program.
Sales, Manufacturing, Design, and Research and Development offer opportunities for Mechanical,
Industrial, and Electrical Engineers. For more information, contact your Placement Office or
write Personnel Department at Osborn.
GENERAL OFFICES AND FACTORY: 5401 HAMILTON AVENUE
CLEVELAND, OHIO 44114
TELEPHONE 361-1900 AREA CODE 216
HEAT
(Continued front page 7)
is plotted against composition.
Tracing the cooling of a steel con-
taining 2.0 per cent carbon from the
liquid condition to room tempera-
ture, the first austentite to separate
from the liquid will contain about
0.7 per cent carbon (point H). Aus-
tenite will continue to separate out
down to a temperature of just above
2060rF, when the composition of the
liquid 4.3 per cent carbon and the
composition of the austenite will be
1.7 per cent carbon. Since 11.5 per
IJ
cent of the material is
IK
still liquid and since upon cooling a
very slight amount only austenite
and cementite will be present, this
liquid must precipitate austenite and
cementite simultaneously and at
(practically) constant temperature.
The temperature of 2060°F where
this occurs is known as the eutectic
temperature, and the composition of
the liquid, 4.3 per cent carbon, which
acts in this manner, is known as the
eutectic composition, Point K is the
eutectic point.
The simultaneous separation of
ferrite and cementite at the eutec-
toid temperature gives rise to a
peculiar formation made up of alter-
nate plates of ferrite and cementite
known as "pearlite."
Pearlite contains both ferrite and
cementite with a "total" amount of
cementite exceeding the amount of
excess cementite. The steel with
( RS )
RT
tite and 70 per cent 
( ST \
RT 
total
ferrite is referred to as "hyper-
eutectoid," because it contains more
than 0.9 per cent carbon.
The most common commercial
heat treatments used are spheroid-
izing, full annealing, normalizing,
hardening and tempering. Each of
these methods are similar and differ-
ing only in the rate of heating, time
held at peak temperature, rate of
30 per cent
STUDY
ABROAD
"Study year abroad in Sweden, France, or
Spain. College prep., junior year abroad and
graduate programmes. $1,500 guarantees:
round trip flight to Stockholm, Paris or Mad-
rid, dormitories or apartments, two meals
daily, tuition payed. Write: SCANSA, 50 Rue
Prosper Legoute', Antony - Paris, France".
total cemen-
cooling, or types of heat transforms
such as baths in tempering.
Alloying elements effect steel in
several ways such as hardness, grain
size, and sluggish transformations
from one condition such as austentic
of martensitic. These alloying ele-
ments are used along with heat treat-
ment to bring out particular charac-
teristics in steels. Heat treatment is
also used in the case hardening of
steels.
Heat treatment is an old science
concerning steels, but its importance
can not be overlooked in today's
heavy use of different types of steels.
BIBLIOGRAPHY
1. Bullens, D. K. Steel and Its Heat Treat-
ment. John Wiley & Sons, Inc., New
York, 1927.
2. Fairbanks, H. V. Heat Treating and In-
spection of Metals, Rose Polytechnic
Institute, 1944.
3. Grossman, M. A., Principles of Heat
Treatment, American Society for
Metals, Cleveland, 1935.
1. Nie!sen, H. P. Laboratory Manual for
the Heat Treatment of Metals, Iowa
State College, 1939.
5. Richards, Cedric W. Engineering Ma-
terials Science. Wadsworth Publishing
Company, Inc., Belmont, California,
1961.
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Get together with 
Delco Radio, the m
over in
electronics. Make n
o mistake—the pa
ce is fast
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 our people thrive
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MARX Of EXC
ELLENCE
(Continued from page 12)
ther than on its true and worthier
nature, learning.
Can Anything Be Done?
The question, can anything be
done, assumes two things: one, that
something should be done, and two,
that we want to do something.
Doubtless there are some, students
and faculty alike, who do not find
any serious fault with the present
system or with prevailing attitudes.
These people view our agonizing dis-
content with puzzlement. Further,
there certainly are many of us who,
while concerned about the problem
in theory, are content to live with
current attitudes, simply because it
would take a good deal of effort to
do anything about them. It is far
easier, for teacher as well as student,
to go through the motions of the aca-
demic routine than to expend the
energy necessary to overcome the
shortcomings of the system.
Yet I am persuaded that the
majority of teachers and students
deplore the excesses of our present
situation and would like to find a
way out. (Note the most recent de-
velopments in the area of student-
organized curricula aimed at non-
graded, non-credit courses.) My
answer to these persons, and my con-
tention in this article, is that some-
thing can be done, but that what
must be changed are attitudes, not
structures. What we need is a more
intelligent and thoughtful attitude
toward the system, not a wholesale
revision of it. Such wholesale re-
visions have been proposed, of
course. Usually they involve either
doing away with grades altogether
or switching to some kind of pass-
fail arrangement. My impression is
that such radical measures are, ex-
cept in isolated cases or partial use,
not practicable, for students (all of
us) do need incentive to work hard
— and grades provide that. More-
over, so many things, from scholar-
ships to jobs, seem to depend on the
presently functioning system as to
make its continuance almost manda-
tory. Yet, in face of these arguments,
people too often draw the unjustifi-
able conclusion that nothing can b2
done.
I am suggesting that it is possible
to work within the system as it now
exists without being subverted by
that system! If we cannot eliminate
grades, then we at least can strive
to give and get them without allow-
ing them to be our masters, without
allowing them to tyrannize the length
and breadth of the academic process.
Achievement of this freedom is never
final. Rather it requires constant
effort and constant vigilance on the
Part of all of the members of the aca-
demic community. The fallacies of
the system are built into it. Over-
coming them requires hard work on
our parts.
Students: You must try to be
something more than a passive learn-
er, reminding yourself each day of
your real purpose in being here. You
must make a concerted effort to
think in terms of learning instead of
grades. encouraging others to do the
same. You must try to reinforce this
attitude with practical measures —
make your discussions of the course
discussions of substantial issues, not
of grade results; look at exams, as
far as possible, as a learning experi-
ence, not as a hurdle to be cleared;
read for understanding, not just to
complete the assignment; "bug" your
professor about the real purpose of
the course and what he finds useful
and exciting about it — and if he
doesn't answer, ask him again! In
short, if you are discontent with the
overemphasis on grades, you can do
something about it.
Faculty: If we ask much of the
students in this area, we must ask
much of ourselves. It is our job to
be the burr in the saddle of student
apathy on this question. We owe it
to the students to fire them up about
the learning possibilities in the
course and to emphasize the real
goals of the educational process.
Every course begun without some
comment as to its objectives and
some reminder of what are our true
purposes is surely badly begun. So
much depends on the attitude we
teachers take. Grading should be a
constructive endeavor, not a form of
indoor sport! Testing should, insofar
as possible, be done with an eye to
the learning at stake. We can preview
assignments for the best learning ap-
proach; we can refuse to talk about
grades unless a student is doing un-
satisfactorily; we can, where possi-
ble, avoid placing letter grades on
work returned (the constant process
of grading is likely to confirm the
student's suspicion that that is the
all-important thing) . And we can
preach, preach, preach, day in and
day out, what we believe to be the
real goals and purposes of the jour-
ney on which our class is embarked.
Administrators: The administra-
tion of every school owes its students
and faculty warm encouragement in
their academic pursuits. It is usually
an administrative prerogative to re-
iterate the grand purposes for which
the institution stands, but there are
also a thousand little things, from
memoranda to printed philosophic
statements, that set the tone of the
school on this question of academic
purposes. We may post on the win-
dow of the computer center the
current salary offers for graduating
students, but we must not allow
students to believe that that is the
be-all and end-all of the Rose edu-
cation. If we do, we have failed them
and ourselves.
There is nothing new under the
sun — and there is on this question
of grades nothing very new that can
be said. What is always new is what
can be done (many already are do-
ing much; all of us can do more) . I
am convinced that the problem is
thorny, but not insoluble, that it will
always be with us, but that it need
not break us. It is not a question of
having grades or abolishing them,
but a question of our attitudes
toward them, as students, as teach-
ers, as administrators. If they are the
final measure of what we are doing
here, then we have lost sight of the
goal. If they are merely a necessary
instrument in the on-going process
of learning, then we have seen
through and beyond the system and
are ready to get on with it.
28
•0;TF-11
ST El
PHIL KIRKLAND, SALESMAN
I.E., Georgia Institute of Technology '64
They're ort the move
at _Bethlehem Steel
Have you heard about all the opportunities for engineers
and other technical graduates at Bethlehem Steel? You'll
find a great deal more information in our booklet, "Careers
with Bethlehem Steel and the Loop Course." You can obtain
a copy at your Placement Office, or drop a postcard to
Manager of Personnel, Bethlehem Steel Corporation,
Bethlehem, Pa. 18016.
An equal opportunity employer in the Plans for Progress Program
DICK WAY, RESEARCH ENGINEER
M.E., Lafayette College '63
MAL DOMINY, ELECTRICAL ENGINEER
E.E., Union College '62
BOB FROST, PLATE MILL FOREMAN
I.E., Pennsylvania State University '62
DICK BAUER, MINING ENGINEER
Min.E., University of Wisconsin '62
DENNIS DAVIS, METALLURGICAL ENGINEER
Met.E., California State Polytechnic College '64
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CHEMICAL ANALYSIS OF
WOMEN
Atomic Weig
Isotopes
180.
Oc ound botl
combin
eputed to be 120.
through 90 to
free and
combined state it is
found with man.
Physica Properties: All lors,
sizes an apes. Seldom found in
the pure state. Boils at nothing and
will freeze without reaso rface
is usually covered with fil o paint
or oxide in various rs and
depths. Unpolish turns
green in pres
one. All va
rectly. Den
generally supp sed.
Chemical Properties:
plosive and v,:erous in unexperi-
enced hands. emely active in the
prese o en. ossesses great af-
finity for gold, si er, platinum and
all pr ous ston . Has the ability to
absorb g q ntities of expensive
food and drin May expl spon-
taneously when left alo man.
Fresh variety has great etic at-
traction but ages rapidly.
Uses: Chiefly experimental. Ef-
ficient clwing agent. Acts as a posi-
tive or nWative catalyst in the pro-
duction of fevers.
Unsolved Problem: The thing that
mystifies many engineers is the fact
that the most streamlined specimens
offer the most resistance.
olished
sed cor-
great as
Highly ex-
droolings
Stolen by Tony Tietz, Soph. Chem.
A wolf lounging in a New York
hotel lobby perked up when an at-
tractive young lady passed by.
When his standard come-on brought
nothing more than a frigid glance,
he commented sarcastically, "Par-
don me, I thought you were my
mother."
"I couldn't be," she replied icily,
"I'm married."
"Well, Sally, what did you learn
at Sunday School today ?"
"Oh, about a crossed-eyed bear !"
"Now, Sally, are you sure that's
what the lesson was about?"
"Yes, and his name was Gladly.
We sang a song about him: 'Gladly,
the Cross I'd Bear'."
Math Prof: "If there are fifty
states in the Union, and superheat-
ed steam equals the distance from
Bombay to Paris, what is my age?"
Frosh: "Forty-four, sir."
Math Prof: "That's correct. How
did you prove it "
Frosh: "I have a brother who is
twenty-two and he is only half
nuts."
Did you hear about the C. E. who
went to an agricultural college? His
classmates voted him "The Man
Most Likely To Sack Seed."
Statistics show that St. Mary-of-
the-Woods graduates have 1.7 chil-
dren, while Rose graduates have
only 1.4 children. This proves that
women have more children than
men.
* *
E.E.: "Quick, give me a round
trip ticket !"
Clerk : "Where to?"
E.E.: "Back here, you fool !"
The Chinese school teacher asked
a pupil who the first humans were.
"Adam and Eve," the kid replied.
"And what nationality were
they?"
"Chinese, of course," said the kid.
"And how do you know?" asked
the teacher.
"Easy," the kid replied. "They
had no roof over their heads, no
clothes to wear, and only one apple
between the two of them — and
they called it Paradise!"
Found on a fall registration card
of a freshman engineering student:
Name of Parents: Mommy and
Daddy.
* * *
Freshman: "I hate this place."
Soph: It could be worse."
Junior: "It's rough, but think of
the future I'm building."
Senior: "I hate this place."
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 THIS
MACIM
CAN DO
ABSOLUTELY
NOTH UNG.
AIJONE . But plug it into a data processing system
... and duck!
Motorola calls it a teleprinter—the TP-4000. It can spew out
three-and-a-half feet of lettersize copy in just 60 seconds. That's
probably as much as 50 secretaries could handle—a neat clip
of some 3000 words a minute—or 300 characters a second.
The teleprinter hasn't got a brain
with a mind — like a
memory bank and it can
time, virtually instant
it can give you a
entire payroll from
while you're
Vermont. Instantly.
how much fuel you
in its head—but lash it up
computer's core storage
play back data at real
is recall. For example,
copy readout of the
Denver headquarters
running a plant in
Or tell you precisely
have, now, in your
Texas storage tanks while you're in Albany signing a contract.
Airlines can use them, banks, railroads, or even hospitals for
just about anything from data retrieval to inventory count and
traffic control.
Uncle Sam, too. For a machine with no mind of its own, the
mighty teleprinter can immediately verify the computer pro-
grammed signal sent to a space craft. And give a visual analysis
before the signal has a chance to be executed — an instant
check for accuracy. It will be used, for instance, at far flung
tracking stations as a precautionary check factor during the
Apollo moon mission.
Dumb-Dumb machine? Maybe. Or maybe just lonesome. But
once it gets together with a system . . . look out!
TRUST THIS EMBLEM
'4kA
MOTOROLA
VVHEREVER YOU FIND IT
Come with us and enjoy
the good life.
We'll give you a king-size ash tray. The kind
you need for king-size thinking.
Why are we so generous? We know fresh
new ideas don't come easily. And we're pre-
pared.
Prepared to give you enough time to
breathe. And experiment.
Researcher. Manufacturer. Marketer. It
makes no difference.
New approaches to old problems can be
used anywhere. And they will be used. Here.
Whether they come from a ten-year veteran
or a brand new recruit.
Pensions, insurance, stock, hospitalization—
these you can get anywhere (including here).
But king-size ash trays?
That's the good life.
A NI rd \
AMERICAN OIL COMPANY AMERICAN
An equal opportunity employer
Write and find out more from Harry L. Sheehy, Recruiting Coordinator,
Dept. 19-B, American Oil C,ompany, 910 S. Michigan Ave., Chicago, Ill.
c The American Oil Company, 1967
CONSTRUCTION
THE ARMY CORPS OF ENGINEERS
offers you a challenging civilian career with:
▪ The world's foremost and largest engineering organiza-
tion in the construction field, pioneering new and advanced
engineering practices and concepts.
▪ All organization whose work embraces virtually the
entire range of modern engineering in the construction field.
Projects include research into basic science, engineering investi-
gations and regional planning; design, construction, operations,
maintenance, and management of hydro-electric power dams,
flood control facilities, harbors and navigable streams; design,
construction and maintenance of family housing, runways,
hangars, roadways, hospitals, and nuclear power installations;
and construction of intercontinental ballistic missile and space
launching sites. In addition are the allied fields of cartography,
geodesy, mathematics, and engineer intelligence.
▪ An organization that recognizes each engineer as an
individual, providing well-rounded career development programs
with on-the-job training; courses at government expense in
colleges, universities, and seminars as necessary to assure steady
progression to top professional and managerial levels, encourage-
ment and assistance in attaining professional registration and
recognition; and an opportunity to win national and international
awards.
II An organization with offices and projects in nearly every
one of the 50 States and in many foreign countries that
encourages employees to further their development by accepting
new and challenging assignments.
▪ An organization which provides excellent rates of pay
with liberal fringe benefits, including generous retirement annuity,
complete health and life insurance coverage, paid vacation leave,
military training leave with pay, generous sick leave; and special
pay awards for outstanding performance and suggestions that
improve operating efficiency.
If you're thinking this all too good to be true, you're
wrong! All of the above is available to you in a civilian engineer
career with the U. S Army Corps of Engineers. If you are inter-
ested, you can get further information from the Chief of Engi-
neers, Department of the Army, Washington, D.C. 20315.
AN EQUAL OPPORTUNITY EMPLOYER
WRITE FOR AN ILLUSTRATED BROCHURE "YOUR CAREER."
General Electric
engineers and scientists
are helping to satisfy the
needs of society...
like beautiful cities
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A technical career at General Electric can put
you in the position to help beautify our cities.
Inquisitive minds in research and advance
development at G.E. are evolving many concepts
to give our cities a clean, all-electric look.
Design engineers are translating concepts into
components and systems, while manufacturing
engineers are developing the methods and machines
that bring designs into being as useful products.
Technical marketing specialists are working with
electric utilities and city planners to give
mushrooming urban landscapes like Phoenix,
Atlanta and Chicago, a bright, all-electric face.
Urban living has already begun to change as a
result of the contributions made by General
Electric engineers and scientists, contributions
like air and water purification systems, underground
power equipment to preserve nature's beauty,
all-electric heating facilities, rapid-transit
systems, and a hundred more.
You can help develop new products and concepts,
new facilities, processes, and manufacturing
systems, or new applications and markets in
your technical career with General Electric.
For more information write: D. E. Irwin,
Section 699-20, Schenectady, New York 12305.
GENERAL ELECTRIC
An Equal Opportunity Employer
